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umm 1 1 

[W*«2] 

-9-o 

im^m 3 ] 

t7 h ^r-y >^55-^-C>l§ji^(±sodium anthraquinone-2-sulfonate (AQS) (DWs^fo 
t £(±2-methy 1-1. 4-naphtoqui none (VK 3 ) OR*#:*»e>atf*L* \M\>X±.<0±y V* 

7 b >^5tT-0|f2ft#:(±2-methyl-l,4-naphtoquinone ( V K 3 ) Olfig-ffc"^* <5> 

im^m 5 ] 

2-methyl-l, 4-naphtoqui none (VKs ) aft^(±2-methy 1 -1, 4-naphtoqui none (V 
K 3 ) ^7^/1, ^0**5^1, 7^y>"f ^ K**">*^sK— 

ay>m, 5 K*. -f7f*y7t-M, is «t O 5 ^ * v 7 -^**»?>jitf#L* 1 

[»#Jg 6 ] 

2-methyl-l, 4-naphtoqui none (VK3 ) l§2^# : (±> 
TIEj£ (1) ti?tL-?) 2- (3-Carboxypropyl)-3-methy 1-1, 4-naphtoqui none (CP VKs 
) „ TIE^: (2) "C^£ tl&2- |3-[N-(2-Aminoethyl)aminocarbonyl] propyll -3-methyl 
-1, 4-naphtoqui none (AEACPVKs) , 

TIS^: (3) -C^£*l&2-(3- Aminopropyll -3-methy 1-1, 4-naphtoquinone (APVKs 
) 

CPVK3 

o 



COOH (1) 

o 
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[ft 2] 
AEACPVK 3 



NH 2 (2) 



(3) 



7 ] 

[W*J18] 

wmtf zhtzm ^t $ n x & & it i k mm.^>nm 0 

[fit*3U 0] 

ii#y77* 7--tf <h ft vvri---if%sts-m#M8 ^ lemons 
[ft 1 1 ] 

[Ml 2] 
[|f l 3 ] 

liit^gi 1 4 ] 

*" (i <j tr - ;i/ 5 y /- )v -e h z> m^m l 3 f Sfc <7) fg 0 
IiS*Ji i 5] 

^^J^*°'J -x^U>^'J 3-)k/^'J y^i-f* (PEGDGE) -e^^lf^JM 
[IS*Jg 1 6 1 

Olio 

[IS*Jii 7] 
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[fif*3fU 8] 

*m mm) ^ zm^m i s uiefc^^^^i-mtiiio 

[fit*Jl2 0] 

[Iit*JlC 2 1 ] 
Tf55t (2) 

2- |3-[N-(2-Aminoethyl)aminocarbonyl] propyl! -3-methyl-l, 4-naphtoquinone (AE 
A C P V K 3 ) o 

AEACPVKj 
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mm 2 0 0 3 -3 0 9 9 4 6 ^- v : 1/ 

10 0 0 1 ] 

£.fo&mzmmt LxmmLtz±wmnmm j ?/<4jr-t>-*t-izm^2>mir 

JUT**--*- (WT^C^rVx-^-tv^) , ;<7)>r^i-^-^@^tLfct 

[fffif] 
[0 0 0 2] 

t>ttyn*'7K -7 4 ? u t£ yy\ ^.-7 ? - ?) i fzit/^M^)^^ -fe >•*)■ — & ¥<D 
[0 0 0 3 ] 

tjE^. ^o^^Uf^^w^f^x-^-utit ^%Mmaii-e(±^-x 5 

[0 0 0 4 ] 

z <d a 0 temmitit ■z<7)mmmmx$ ) ^T-Ji^fittctsH^t-c^^^ 

[0 0 0 5] 

ife, ^MfftlfciRl bZlZ. 7 7*4 *--9 ~ t LT2-methyl-l,4-naphtoquinone (VKs 
) tmmZtiX^&o * 7*4 x-^-i:NAD + (JiI^Mt^*-*'>^-^ Mcifc 

f^n:y7 7 * 9— if t -ft KDyt-«A$«o tLxmmmm 

l^K^itt 11^^2000-133297 

[^fl^tf 1 1 ANALYTICAL SCIENCES JUNE 1989, VOL. 5 p269 
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mw-hmvkL± i t-tzmm] 

[0 0 0 6J 

[»JH £ »*-r £ # 

I0 0 0 7 I 

■f * j.-*- 0 

(3) 7 h 4r / ^^^T-^lf^^lisodium anthraquinone-2-sul fonate (AQSO Off 
Ii2-met hy l -~1 , 4-naphtoquinone "( V"K"3 ) V>WWfofrb x <b lift 4 1 WJ£l±0 

7 &ttt& (2) Cie«^^7'^i-^-o 

(4) -J-? h >^^T-Ol§3>#(i2-methyl-l, 4-naphtoquinone (VKs) om^ifcX* 
<£>&iufe (2) i:ElWrVi-^-o 

(5) 2-methyl-l, 4-naphtoquinone (VKs ) Ogf ##(±2-methyl -1, 4-naphtoquinone 
(VKs) &T<y&, itfrtf^-i/fr^ ^nn*jKjH, J*?v>-f< K**v#;i/ 

& l «J£Lt£*-f i ^tfemztixtthMtZ (4) i:fBt?)> -f *j.-*- 0 

(6) 2-methyl-l, 4-naphtoquinone (VKs ) ffag'ffcfi, 

Tlfi^ (1) X~M £ ft -6 2- (3-Carboxyp ropy l)-3-methy 1-1, 4-naphtoquinone (C P V K 3 
) , TfEst (2) T^$*t&2- |3-[N-(2-Aminoethyl)aminocarbonyl] propyl! -3-methyl 
-1, 4-naphtoquinone (AEACPVKs ) . 

TIE^: (3) ~C%LZti&2-(3- Aminopropyl I -3-methyl-l, 4-naphtoquinone (APVKs 

) frhmixtiz 1 iu±o^y >^=f--oa> &K<iti (5) i:ief^^fvx-^- 0 

[0 0 0 8] 
[ft 51 

CPVK 3 



o 




[0 0 0 91 
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lit 6] 
AEACPVK 3 



o 




o 



(7) huie (1) - (6) <D^-fnfriz=zm<D*7*4 ^-r-fimfeikztixte&mMo 
(s) mmtfz <bn@^L$ttr^^Hyfa (7) izmm^mUo 

(9) *3R^v7 7 * 7--tf£-a trsufE (8) ^lEiKomUlo 

(10) Mm-b^sTy * 7-J£b Sr-g-trfiie (8) UiEft^m^o 

(1 1) f Kn^t-fli^^-xft Kny^---tf-e^>^>HuI5 (10) KS£«tf>« 

So 

(12) $ £>KN ADH^H^b^tLTv^HufB (10) itzli (1 1) KfBftOS&o 

(13) mtj *--?-tmmi) t #')-*-t%kffimiz£ ^mm^m^it^tix^^mm ( 

8) ~~ (12) Ov^ffi^CEtSOli, 

(14) fcr-;i"f 5 ^y-;i/-e*-5>fffS (13) fifEUcom^o 

(15) asfltffflj&isK if i/v/y i/y^x-t^ (pegdge) -e&a 

HuiE (13) ifcfi (14) tc|Em<7>m«o 

(16) >f^^-^-Oia#^^*^*)ii^^^^BemL^HulE (7) - (15) 

(1 7) mffif±^^««bi^f±/<>f jj--t>-»f-^fflv^tL*«ffi^ab*liiE (7) - 
(16) <D^-ftlfriZ$Zffl.<Dmfeo 

(is) a^t&K (««■) tis^ti, ztibomr-tDtt&witffkmzmmzti 
smaii-cabo-c, m«i±. av-Kfcflria (7) ~ (17) v^-rtifrizumKOT s - k 

(19) a* ^ = am a (is) ^lE^o^^B^mafeo 

(2 0) * V- Kfclitf'j y> f ^vn^r-^^^H^-ft^n-Cv^ifjIE (18) ifcfi ( 
1 9) <D^-fti^i l zUM'D^BMW.^ 0 
(2 1) TIE^t (2) 

2- |3-[N-(2-Aminoethyl)aminocarbonyl] propyl! -3-methyl-l, 4-naphtoquinone (A E 
A C P V K 3 ) o 
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[0011] 

AEACPVK3 



o 




1 0 0 1 2] 

ft^^mmtt-zm^&z ti:\ ^r^^-9-t L-c©itm^^^t^<, mii^+ 
^M^^T-'-Y^-^-^m^^o^ians^ti-^- tot, BMmmm<o 

[0 0 13] 

^fK Knr^"--tf, GDH) . *§B£3?t (NADH) . y77#7--ff (Dp) > 
tzW) tBi-o 

ju^-^m^m^i-^^^^-^-ty^- 1 (112) 0 

[0 0 14] 

>^^^-<7)lf ilMfc;**flf£ Lv^o ^tplCfi, sodium anthraquinone-2-sul fonate ( A Q S ) 
<OStig#S /t(±2-methyl-l,4-naphtoquinone ( V K 3 ) 60f|^#:^ <b & & ^ T*-f i — 9 — 
•hm* L < . V K 3 <*>gS3MM»<bfcS* r'W j.-^-t&*<> o t i>ftt L^o 
d-l-CiNgftfi, ^§^^ + /^M*tL, $e>K#yT-ifc(iBt3lt*:i|g'& 

[0 0 15] 

SfifcSi Ltd, *°>; 5 ^v*-;k #u y 7 y ^7 5 *°y tf- 
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;utf';v>, *°'Jk:n-;K *° 'J 7 ? 'J ^Blx "J ;u n - ;k *° 'J 7°n tf u y t 

> ^DD*ji/;;i/|, A7y>^5 K^ + y^^^JH, 7 A- * )i<&m* ^ v > 

< 4r v # ;u ^y^7^4-n7x-;i/^ + y*^ * — p--hn7 

[0 0 16] 

, > r-v i - * - $H=-7Wfr&"*- a * >; ^ - 4 tz immvmm k * (9 -e- $ ^««^f - * 

o 

^ z-- 9 -tzZ>*J y&fr^OWS&fct LT, i^^^^fi. Sodium aminoanth 
raquinone-2-sulfonate (AAQS) > 2- (3-Carboxypropyl) -3-methy 1 - 1, 4-naphtoquinon 
e (CPVKs) ^ 2- |3-[N-(2-Aminoethyl)aminocarbonyl] propyll -3-methy 1-1, 4-naph 
toquinone (AEACPVK3 ) > 2- (3- Aminopropyl I -3-methy 1-1, 4-naph toqui none (A 
P V Ks ) ifi&ifhtl&o 

> fV x-?-^o|fli±t^ ^ 'J 7 F 'J - (CV) Srfi 1 ^ IS 

[0 0 17] 

fv x - ^ - ■< ^ V 7 ^ > ^ h 'J - (CV) „ milMTtWiZ] 

evil, mn<vmiL*-fcmfcxmtz^t£tfhnm*m%i-&iimx\ t^ni-es 

[0 0 18] 

C V * m v > & »3R - > t-V x. - * - 5>T- N <7) RtDjSJKSfe W»«f ¥i£ t £ ## ft 

931"*o JilTO^ (4) <DX 9 K3H»4> 4 (Mo x ) <7>#£T\ DpiiNA 
D H ©BMfcRJE £ /5ft«R-T * e 

VE, ox 

NADH + Mox * NAD + + M re d (4) 

VE,red 
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Mo x :|ftI>fVi-^- 

M r e d I Mt£M* 7*<< 9 — 

t<R3e-r*t, NADHm-ftiSK ( * e . ox) ti 

V E.ox = (5) 

I _j_ NA,ox _j_ A Mox 



[NADH] [M„J 



K c a t , ox : WsM'mM. 

Kna, ox :NADH©^x'j7gi 

Km, ox :M os ©^in 

^ J. - 9 - 5FF%m ^ ?z&ffiM^MmzlsV* t, Mr e d M« ii L tz *M*ffi ""C 

T\ j§7c£*i£D p (Dp r e d) ^ibSS^OtfSiCK, 
I0 0 19J 

tiSIi!r^f:iSV»TN AD HoaUS^ffi**K N a , 0 x iZ.&^xmft.'C § * (5 £*N A 
DH*ftd**:§ ( (NADH) >>Kna. 0 x) , #*Rj£»i£1ir#tt«r^ U 

3&fcm«SMiS#fcJ3V>Tfc«T-£««fMo x TOM^v^g ( CM 0 x ] <<K 

[*3] 

^ ox [Dp][M ox ] 

V E,ox = (6) 

ZtLiZ X He.., ox /Km . o x ?5 ? > D p r e d -Mo x HJtf> £S L 

T««$*L45eijr«»iR*«i«i*a[ (i . , 0 * ) a. tsesUwJ: oSctit^M^o 

lt4] 



f : 7 T7f-a 
A : HSIi 

Dm : f-f ^--9 -^(T>WM.^L 

n : ^fa-^-^EKii 1 ! 

±ie^: (?) *jB^-t\ mfeztitzm&wm&frt>Ej&&&j£%ik c . t . o > /k m 

: 

Kazuyoshi Takagi.Kenji Kano, Tokuj i Ikeda, J . Electroanal . Chem. , 1998, 445, 221-219 
[0 0 2 01 

tbIE#2 004-3020638 



&m 2 0 0 3 - 3 0 9 9 4 6 ^- v : 7/ 

;^-7ftKoyt-t') , y 7 7 * 7-t'HM t> f >f x- - i: « 

MTt^fJ V )\s\zx V)frioKh 0 r J - YmM\z{%m%Z* ^- ? -timTzltZiiXte <0 

, /hM^^p^^-fto^^^-fe/^-^ y >j -m^mm*nmzi>fcmtf»imt%:z>o 

ft i±N A D H ^If LTlftl^ i - ^ - (Mo x ) t ©flfl^ii *ftfe«| 
t^^OL N A D + ^Wtt^Tt Kny^-HfoM^^^ti-C L < > m 

t,Cy7 7 * 7--tf (diaphorase) J tli7x I/ K^y>-NADP + >) V ? 9 
--tf (fer redox in-NADP + reductase : FNR) ^^tf'^n^o ^^t'iy'77*7- 

tztis^bZ (iGDH &m £ L 
[0 0 2 1 ] 

ttz, * f^x-^-iii^wj -7- jo xzr^mM^zx ^mmtzmTzitztiz c 
^>;-7-ic(±, *°<j tf^w < y-f-jv (pvi) , ^'jj'jii'T^, * -i J7$yi 

<M x «T# 'J 'J v > 4 4T) , *° "J tf n - ;k UT^'J A/gl, *° 'J If - ^7 ^ ^ - /K *° 
'J -7*0 \£\s> W yW.(D^'y 7 YPkMSW, * *f-b>\£. — fl/x-f/i/ 1 te^Kv W 

>^o^S^#:, *;i/y? wy-;wy*'y ? ^M-*-*"* vWfltfc OT^f.ii4o 

Hl^Jt LTtt, ^ijifl/y/'jn-j^^'jy^x-r* (PEGDGE 
) , /ji/;?;i/7^f t K, 7>f jyiy'7^y?yjK ^^y5y>-4- (p-TW 
5 F7x-;l/) 7'f I/- h&fj^ffiv^ibfLSo CKD'ftfe. Perbio Science 
U Kf±<7> 2001-200277^n P I E R C EttO^M^JOffll^ t*£#HB Ltl 

^f'fx-^-t LT7^ii®$^VK3 SNMfcfc, *K'Jv-i LT<0PV I „ 

OTJ t LTOP E G D G E ^fflv^@^tt^££«Si, ^IK^^o P V I <0 

>f 5 /y*-)H^P E G D G E o)t^x*'+yit^U t^^i**^*^ 

fvx-^-^fMWt^7^it^t^>:M:J: ^T-fioiiTc^^ n > 

[ 0 0 2 2 ] 

*s>&fr^i±mmiz£ty&mmt2*i j ?ir^t^offlm$:^A,x*^2>o ^<otz^^ m 

^--tf (GOD) ^JBWcit-g-Kfi, G O D iiBM<OV^=i *mit U -eofe*, R£ 

ISK, Wilf*^y/-t^7y- Kil^7/- KjS#KEtt1-& i: *8b^£>& o 
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*&j&»<b, ?>3-^^Mifi:«otL^ GOD i *> 7* a;i/tT >Mt* *s ¥ 
[0 0 2 3] 

-5) o 

J£\ * , 'Jy^^yDH> (PDMS) 4*#?L14i3 £ yTS7K14*^r-f 
[0 0 2 4] 

^ tM i-^ -&{M<Dtz*b<DC V-eti, Jilfi^;' 7 y'77 
* 7 — -tf*3 «t tfN A D H £v£2JII L * -CfllJe Lfco 

ifc, (7 7-K) LTOfFflfico^AOC V»i, &U*r<{ ^-9-t&m&& 
£ mfcit L fcMfcJH _h|E/< 777-CNADHiiJ; tfl&tt© ^ =J - * £ i^»D L T 

[0 0 2 5] 
[0 0 2 6] 

#f&BJ3?)*y >^R##4>9 A A Q S . VKs > AEACPVKs , APVKs <n 

(AAQS(DM] 
AAQ Stt«JE-r*RlL.S: (8) (9) CJ: »)^)£$ii4o 

[it 9] 




(8) 
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L, 7K7K4"Ci£rA^/wo tMctjSSJU 5 0 %7K^t^- h 'J •> A7ki#t££ r;i/# 'J 14 ( 

fc, 1 HNMRt7> f7*7 y-2-X)\s*>mi- b V 0 A tCJf#^<7> -> 7-f Jl/^tfi $ ^4" 
h n-ft^^^T^ F7 + y >-2-^;i^*>^f- h 'J fc#x.<b*u >X<V&7tfcfc 

Km^tzo 
Hbio] 



Na0 3 S 




Na 2 S 



NaQ 3 S 



H 2 0. r.t, Ih 



N0 2 




(9) 



NH 2 



tzo frfctizZm-Iti- b V 9 A-C£&fn£-t±\ 2 -7'n/NV-;l/-Cffltt!L£o 2-7°n/N°y- 
>h7^/>^;^t^itb'^^ (AAQSl, AAQS2if^) *ntz 0 



A AQ S 1 O 1 HNMR (D 2 O) 
8 8 (nu 1 H) . 7. 8 6-7. 
6 . 5 6 - 6. 4 7 (m. 1 H) 
A A Q S 2<D l HNMR (D 2 O) 
7 5 (m, 2 H) , 6 . 9 7-6. 

[0 0 2 7] 
(CPVKs (D&Wtt 

[Ikii] 



8 



8 
8 

8 
5 



0 8 
(rru 



- 8 . 
1 H) 



0 9-7. 
(m, 2H) 



0 0 

> 6 

9 9 

. 6 



(itu 1 H) 
9 8-6. 

(m, 1 H) 
5 4-6. 



, 7 . 9 5-7 
8 (rru 2 H) 



, 7 
4 6 



8 8-7. 
(m, 1H) 




HOOC" 



COOH 



AgN0 3 . (NH 4 )2S 2 08 
30 % CH 3 CN, 65°C 




COOH 



(10) 



C P VKs l*±tiKfc&, ( 1 0) izX t)<£ffc2ti&o 

f/AgNOs £3 o%cH 3 cNfrmmzmmfe, mmmwi-^ t^^z-mmLtzo ^ 

X, (NH 4 ) 2 S 2 Os <D3 0%CH 3 C N7kv§i&£ 6 0 frfrtfXffiT U $)T*3-Tt£ 

, 6 5Vxjr<Di 1 5ftmwtWLfzo KfcWLzm&zx^mi- z tmm&mmmtiiL. 
KfomzTktmwt^frZtoz-, ft®.*- bxmmmzfcmLtzo £<bn, fcxmmmz 
A-mLtz 0 mmmiz 2 N^m^mi- b a £jjnx.. smt^<oi- b ^ai^- 

^l/co mfczritfcx-t-ftizmmk. mf±&mL, iiM*<7>2- (3 -77;u**v^ 

ntf^) -Z- \ , 4 - i-7 b*s y^ntzo 

m^tzLtzJcM : 

Salmon-Chemin L.,buisine E. , Yardley V., Kohler S. .Debreu M. A., Landry V. .Sergher 
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aert C. .Croft S. L. , Krauth-Siegel R. L. , Davioud-CharvetE. , J . Med. Chem. , 2001, 44, 548- 
565 

[ 0 0 2 81 

(AEACPVK3 <r>&$0 
[it 1 2 ] 




AEACPVKs li±IER(S* (11) ^ritSftSo 

2- (3-*^^y^Dt'^) -3-^^;w-l, 4-t7F#y / (1. OOg, 
3 . 9 mm o 1 ) RlfN- Ko + y^^y/^ F (5 3 4 mg> 4. 64mmol) 
^y^DDx^y (8 0mL) iZfeM U W S C (EDC) ( 8 9 0 m g , 4. 64mm 

0 1 ) £ 1)U 7L X 4 B#Klft# L/:o xf l/yy'75y2. 59mL (2. 3 3 g , 38. 7 
mmol) iy?DD>r/ (lOmL) CifSL, £ £ K±KK(£ift* 1 5 frmfrlfX 
iRTU J t(DitM&X'2m.mWLti 0 RJt.«cy^nn> * > (3 0 0 mL) SrJUnx., 
TR-tffc ( 5 0 0 m L x l ) L, ffi^ F'J^A L fc„ if^i^ETiM, 
-> 'j ^ri^nv f^*57^ - (v : s±v ->7NH-dm H2o;^n 

, ft^fe^^<D2- |3-[N-(2-Aminoethyl)aminocarbonyl] propyl! -3-methyl-l, 4-naphtoq 
uinone (JRfi6 8 6 m g, 2. 29mmoK«$58. 9%) SrWfco 

1 HNMR (CDCLs) I 8. 09-8. 05 (m, 2H) , 7. 73-7. 65 (m 
, 2 H) , 6.33 (b r . 1H) , 3. 37 (q, J =5. 6Hz, 2H) , 2. 90 (t 
, J =5.6H z , 2 H) , 2. 68 ( t , J = 8. 0Hz, 2H) , 2. 32 ( t , J = 
7. 2Hz, 2H) „ 2. 22 (s, 3 H) , 1. 83 (nu 2H) 

[0 0 2 9] 
(APVKs <D&m 

[fbi3] 




(12) 



(13) 



APVKs tt±fBRlDS: (12) (1 3) K «fc <9-£-J&£ti&o 

2-^^-1, 4-t7F+yy, N-tert-BOC-y -75 /BSBS* 33 £Xf 

a g n o 3 £3o%ch 3 cNfrmmzmmt. 6 svxmmmwir^t^izmmLtz 

o 6 5*CKT#nj&«#4», (N H 4 ) 2 S 2 0 8 O30%CH 3 C N7ki§i££ 2 BSIIWt 
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tlM * tttt + b 'J A L /wo £ ?$J±T^*fj, ynrHD7h^7^ 

-"CflHKU Uli-fe^-f ;U02- [3- (N-tert-BOC-y -T5 y) 7"n k?;u] _3_^^;u 
-1,4-1-7 b*y y*ntz 0 ift«:THF t 3 7%fi»©il^H:}g»L, ISt-t 
S#Lfco SETTHF^^L, Tk^flnx, tRJI £ v ? n o > * ^Tfife* L 7t 0 TkSK 

5 y kf ;u) -3- y ^^-1,4-^7 b *y >£&tz 0 

mmm 1 ] 

[0 0 3 0] 

c v tjRjEt.jisafew»*f^ J: •? , &@y -i z--*-<Dnm*'ii<3tzo 

( 1 ) * x ) y 9tffr9 y * b y — (c v) 

:IL4«IH z 3 0 0 0O#f Wtv^^ 7 h-t- KSr-ffifflLfco 7 
li (GDE, lllfca. 0. 0 8 3 cm 2 ) MffitLtfflv^to GDEiiig 

^(±Ha^:-etfv^ nmt ltp t m®, t lta g i a g c 1 (kci aid) m 
mzm^^tzo m.&*mtm£%>&m* 5 m v/ s t Ltz 0 m^M^i k^t* 

m je {± m 0 same *> h tz 0 

VKs (El 5 A) , CPVKs (HJ5B) , AEACPVKs (HI 5 C) , APVKs ( 
I5D) , 7>h7^y>^J^>f (A Q S , 15E) , 7xD-t>>^/-^ (FM 

a, [15 f) -etf f)^tt*4 0 

l5A-5F04"t(a)^#L/:CVIi, T r i s /<y 7 T -feWL (p H 8 . 5) 

c v tpstejs «t o'BMtRiD tt'-f & mm* mm \£-9K*gl. izmffz-r^xv 
fr^tfiis&iz'mMfcfcxzzzttffrfrZo ttz. mit^-9 tm.7t^-?<o^m&x& 

^m^MTt^MmU ( E 0 m ' ) tt, V K 3 ifi- 0 . 2 8V, CPVKs** 

-0. 32V. AEACPVKs^-0. 32V, APVKs^-0. 32V, A Q S rt* 
-0. 49V, FMArt*0. 2 3Vf*5o 

— ?j, HI 5 A~ 5 FO>fe(b)«:ftLfcC Vf±, ±^>f^x-^-»Dp (D 
IAPHORASE I, EC 1.6. 9 9 . - , Baci 1 lus stearothermophi lus 

£0. ll,uM, NADH£4. 8 mM t & h X o IZffim Ltt-f 9 V y * 

y r-V ^-^tJ ? D p N ADHK J: oT»x£ftTW£M£fcK&£ft&fc#-e£> 0 . 

NADH^^f-f x-^ -^<7>^T"^i*^D p ^^LTpI^f Lfc CI t Sr^1" 0 "f 

, i^K^f^-CO^ri*, DpOffittW (FAD) fc*?-«5&*:fTV^ >f^- 

I 0 0 3 1 ] 

(2) KJSiSKtt»««f 

us a~ 5 F^«bx.^^-?>^#rais#)!i!bsm»it (is, ox) oiis-ffi^-c, mie^: 

(7) HDp, e a -Mo x H tf> £JM*<>ofco EJd*^ (n) (i^y 
>M5H=--e*i 2 , FMAt«lT*4,fift#S (Dm) t± t K a * j v aMfifc/fl v*fe 
o #<b*l^R(DiiK3c»[ (kc a t , ox /Km. o x) ^y T 4 9 tt*M*.<0 
E° m ' t:*tLT*t»^a y b t m 6 WbtL^o 

if, FMA, VK 3 , AQSi:a@Lt>fVi-^tLtW#t^Jtft4i:, Ji 
JS^«J^<>ofci*flJ*©t±FMA-C*»3 AQS «t <9 t — fir J^±Mv»C <h ^*»*o VK 
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(i\ E°m' tfjJV-V&fc (O2 ste) (Omit (0. 3VHm) K&^FMAIA, 7; 

V K 3 <om mWX~h SAEACPVKs , CPVK 3 > APVKsli, SHL3t7Cmf*£ E 
0 m ' i:MLtVKs t(i(?|5l i:-C-*o^o ifc, j§M&(3PjQ L log (k c a t . o 
x/Km. ox) »i#!j7. O"C*>0. VK 3 07. 5 X 0 &o7t#\ AQSK 

r<7)#^^ fit x t ^4 c: t tmmx § fc 0 

[^M0IJ 2 ] 
[ 0 0 3 2J 

77 - KK§^£<£ ^'7 x-f J.-*- (AEACPVKs) £@^ffcU -*l£ffl^T 
CVMDy,ff>y^7 h 'J-=Hfo£o 

(1) 7V - K^^iis <t ^ x-^ 

AEACPVKs tD p tGDUt ZmWiMt LT© P E G D G E ^fflv^T-f J v - t 
*ClS±^@^tL/:o Dp (DIAPHORASE I. EC 1.6. 99-. Bac 
illus stearothermophi lus &5f^ j-^-f-^M) 27un i t AEACPVKs 
13^g,GDH 20un i t s, PVI 75^g, PEGDGE 595^/g 
ts7 . 5^ IOiffiI^ttS3mm0^7'7y-*-#>lS±Ci*L, 4 < C<7)t*-> 
y-^rt-es 0B#p^RjS^-^T^k$-tt^o @-fb^ *>-7k-c*9>o < HT¥t:ft^ 

[0 0 3 3] 

(2) CV 

t4-HH z 3 0 0 0 ©*r > -> t >^ ^ 7 F h^f ffl L/; 0 (1) xmWLLfz, 

SNSt^ «trK> t-v x.-^- 7 5 ? @^fb$tL^ms^^fflSt u Ptseti, a g i a g 

C 1 (KC l&m Sr#JSSt:fflv»-6=«S:T?a!SgLfco mttSrSS-ffc 5 m V 
/sH/:o }W5cHtrtcN2 "C+^c/sT* <j > ^^"fo 2 =S:Bfe*U ilU^ffi 
N 2 ^t*-/t-7n-Hfco -T"<T<7)iiJ^(±^|pISSmfi^^^i6/Co Tr i s ^' y 
7 (pH8. 5) cp-eiIJ^L/Co N A D H (i 0 . 5 mM t & h J: 0 bZffim U 7* 

J: d ^ LTiiJ^L/c+h-f ^ V y ^ ^"^^^ 7*7 A ^11 7 tc^-fo [H 7 <75 (a) t±N 
ADHi3J;^7*^3-X^#^L^v^fig-ri#^tL/cC Vf* 0 , S^fb^ft^ 7*-r x. 
-^«l7ciit*4o i£ll<h t tCi^ftL^fit-k iMC/ctt^ (H5C(a 

) ) t mm<omGL-emtM7tRfc-r z - 1 0 

H7 0(b)li, »l£»iK»=NADH*i®!niLTf§fcixfcCV-e**o BI-ftWSlE^lUSn L 
TjoO, AEACPVKs t Dp^M^^ ^ tLt^it^c t ^ 7 x - v 3 > 

mm &mm.-t z - 1 optf z tix 0 

17© (c) ti, $ <bt-7*^n-7>^T^PLT?fJ^L7t:C Vf*S 0 $Hbmffi7& ? 7C §= < 

7 7- KS&^I&K jUt L - <h £Kffrtt 4 *S*T- * & o 
[ 0 0 3 4 J 

(3) ?D/*r7-^> h 'J - 

±IEC V fc|BJ— fflv^ 3-Ol»fiIcf T% — 5eOlHfc«ij£ (5,«A/cm 

to ElfO(a), (b)*5«tO f (c){±, ±IBC V4«0^|Bi:raTft-C*&o N A D H (Ov^ftn (b) 
fc=t 0^7*^3-^(7)^ (c) CJ: o-cm@mfi75 s - 0 . 1 5 V vs. AglAgCItt 

ILHit^? tiTtio (i\ O 2 0«5ERl£ £ X&UV- FUH* 0 . 3 V vs. 

Ag I Age i-e**Jt£\ i*L^^a^to-frr«*$tLS^«fciH-affeoai**Sii 
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